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Description 

[0001] The present invention relates to the genetic transformation of bean plants in general, and relates, in partic- 
ular, to the efficient germ One transformation of soybean plants utilizing particle-mediated techniques for plant transfor- 
s mation. 

[0002] It is now becoming possible to introduce into some of the major crop plants foreign genes of potential interest 
in those plants. This process of genetic engineering has been accomplished with certain model species, such as 
tobacco, petunia, and carrot, and has now been accomplished in such major crops species soybean and cotton. In pro- 
cedures for the genetic engineering of plants, it is desired that the genetic transformation of the plant tissues be of the 

10 germ line of the plant tissues. Germ line refers to the inheritable genetic material of the plant which is permanently 
altered by the transformation process in such a fashion that the plant will pass to its progeny by normal genetic inherit- 
ance the inserted foreign gene. While the transformation of somatic, or non-germ line cells, may be desired in some 
instances, in general in the genetic engineering of crop plants it is desired that germ line transformation of plant lines 
be achieved as quickly and efficiently as possible. 

is [0003] The most common previously utilized technique for the genetic engineering of plants involves the use of the 
soil-dwelling plant pathogenic bacterium Agrobacterium tumefaciens . A. tumefaciens has the natural ability to transfer 
a portion of its DNA, referred to as T-DNA, into the genome of susceptible plant cells. By changing the native T-DNA in 
an Aorobacterium strain, it is possible to use this unique trait of Aarobacterium to transfer desired genes into single 
plant cells. If the introduced gene includes a selectable marker, such as a herbicide or antibiotic resistance trait, it is 

20 possible thereafter to select for transformed cells in a tissue culture by imposing the putative transformant tissues to the 
selection pressure of the appropriate antibiotic or herbicide. Unfortunately, in soybean almost all cultivars are resistant 
to Agrobacterium infection and are thus very resistant to transformation with Aqrobacterium . In addition, antibiotic 
resistant markers, such as kanamycin resistance commonly used in Agrobacterium plant transformation procedures 
with other plant species, have been found to be of limited utility in soybean transformation experiments. Accordingly, 

25 while it may be possible to utilize Agrobacterium -mediated transformation techniques in soybean, it is a difficult 
endeavor because of the lack of effective selectable markers. 

[0004] Other techniques for transforming plants do exist, however. In particular, there exists a general approach to 
the transformation of plant cells which is based on delivering the transforming DNA into the plant cells by coating the 
DNA onto small inert carrier particles which are physically hurled into the target plant tissues. The technique of particle- 

30 mediated plant cell transformation was first demonstrated with somatic cells in such tissues as the epidermal tissue of 
onion and other such model cell cultures. Klein et al., Nature. 327:70-73 (1987). Later the originators of the particle- 
mediated transformation technique were able to achieve genetically engineered tobacco plants by the transformation of 
tobacco in tissue culture, using a selectable marker, which was then subsequently regenerated into whole plants. Klein 
et al., Proc. Natl. Acad. Sci. USA. 85:8502-8505 (1988). Rather than attempting to use particle-mediated transformation 

35 techniques on plant cells in culture, another approach was developed in which the growing meristems of plants were 
subjected to a particle-mediated transformation event. From such a technique, stable transformation of the germ line of 
soybean plants was achieved. McCabe et al., Bio/Technology. 6:923-926 (1988) see also Christou et al., Proc. Natl. 
Acad. Sci. 1989, vol 86, pp 7500-7504. This technique is not dependent on the availability of a selectable marker for the 
plant species. 

40 [0005] In developing the technique for the germ line transformation of soybean plants using a particle-mediated 
technique based on meristem transformation, it was discovered that the transformation events often resulted in chimeric 
plants, which are plants in which some, but not all, of the tissues had been genetically transformed with the introduced 
DNA. McCabe et al., supra . Although the technique was thus useful to create genetically engineered plants, it was 
somewhat burdensome in the sense that large numbers of tissues had to be subject to transformation events, and large 

45 numbers of plants had to be cultivated from the putative transformed tissues in order to discover those particular shoots 
and plants which properly expressed the introduced DNA. Therefore, the ability to identify transformation events early 
in the process giving rise to heritable germ line transformation of tissues creates the ability to effectuate dramatic sav- 
ings in the practical and cost-effective genetic transformation of plants resulting in reduced labor costs and reduced 
time and energy expended in cultivating the non-transformed tissues which were subject to the transformation events. 

so [0006] In seeking a germ line transformation of a plant species, such as soybean, it would be helpful if the progen- 
itor tissue of the germ cells of the plant were identified in the growing meristem or shoot. Unfortunately, the science of 
developmental morphology of plant cells has not developed to the point that the ancestor ceils of the soybean germ 
cells is known. Accordingly, if it is a plant meristem or embryo that is being transformed, no present knowledge exists 
as to which precise cells in that meristem or embryo must be transformed to achieve germ line transformation. There- 

55 fore, any correlation between categories of cells transformed in a growing soybean plant and a germ line transformation 
event would have to be determined empirically. 

[0007] The present invention provides a method of creating germ line transformed soybean plants comprising the 
steps of: 
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(a) preparing an exogenous genetic construction suitable for insertion into soybean plants, which construction com- 
prises expression constructs for both a marker gene and a gene of interest, each of which comprise a coding 
sequence and a flanking regulatory sequence effective in soybean cells to produce a gene product coded by the 
coding sequence in the cells of soybean plants; 

s (b) coating copies of the exogenous genetic construction onto carrier particles of biologically inert material, which 
are small in size relative to the size of soybean cells; 

(c) accelerating the coated carrier particles into the cells of regenerate soybean tissue; 

(d) regenerating shoots from the soybean tissue; 

(e) severing a segment of the stem from each of the shoots; 

10 (f) assaying the stem segments for the expression of the gene product of the marker gene; 

(g) regenerating into whole sexually mature soybean plants only the shoots, the stem segments of which expressed 
the gene product of the marker gene in at least a major portion of its pith; 

(h) sexually propagating the whole plants to create progeny plants; and 

(i) assaying for the expression of the gene product of the marker gene in the progeny plants to indicate the germ 
is line insertion of the gene of interest into the germ line of the progeny plants. 

[0008] The invention further provides a method for the germ line transformation of bean plants, such as soybean 
plants, which method comprises the steps of: 

20 (a) preparing an exogenous genetic construction comprising a coding sequence and a flanking regulatory 
sequence effective to express a gene product coded by the coding sequence in the cells of the plant; 

(b) coating copies of the exogenous genetic construction onto carrier particles which are of a biologically inert 
material and which are small in size relative to the size of the cells of the plant; 

(c) accelerating the coated carrier particles into the cells of a regenerate tissue of the plant; 
25 (d) regenerating the tissue into plants; 

(e) during the regeneration process, assaying a selected portion of the stem of each regenerating plant for the pres- 
ence of the genetic construction, the selected stem portion including a pith section, the assay determining whether 
the genetic construction is expressed in the pith section; 

(f) sexually multiplying preferentially the plants the selected portions of which assay positive for the presence of the 
30 genetic construction to create progeny plants; and 

(g) verifying the presence of the genetic construction in the progeny plants. 

[0009] It is an object of the present invention to provide a method of particle-mediated transformation of plants 
which is inherently more efficient and cost-effective than previously available techniques. 

35 [001 0] It is an object of the present invention to make more cost effective the genetic engineering of plants, and soy- 
bean plants in particular, by identifying, at the earliest stage possible in the process, those plants which are most likely 
to yield germ line transfer mants so that only those plants need to be cultivated into mature plants. 
[001 1] It is another object of the present invention to optimize the use of reporter or marker genes in plant transfor- 
mation experiments even in the absence of selectable markers to make possible the genetic engineering of plants in 

40 those plants for which reliable dominant selectable markers are hot available. 

[0012] Other objects, advantages, and features of the present invention will become apparent from the following 
specification when taken in conjunction with the accompanying drawings. 

Fig. 1 is a schematic illustration of an apparatus suitable for use in the particle-mediated transformation of plant tis- 
45 sues. 

Fig. 2 is a top plan view of the spark discharge chamber of the apparatus of Fig. 1. 
Fig. 3 is a highly stylized illustration of a cross-section through a soybean stem. 

Figs. 4 - 8 are other stylized illustrations of a cross-section through a soybean stem showing various phenotype of 
marker gene expression. 

50 

[001 3] In accordance with the method of the present invention, a series of indices are described which are used to 
identify high likelihood germ line transformation events among the shoots and plants produced from a particle-mediated 
plant transformation process. These indices are based on a classification of certain phenotypes of expression of a 
marker gene in tissues of a regenerating plant at certain defined stages. 
55 [0014] To fully understand the advantages of the present method, it is helpful to appreciate certain considerations 
about the nature of accelerated particle-mediated transformation of plants. Since the transforming DNA is carried into 
the plant tissues on particles, and since the number of particles must be limited to avoid destroying the plant tissues 
transformed, only a percentage of the ceils in a treated plant tissue will receive transforming DNA, and only a percent- 
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age of those cells will be transformed. Therefore, in the absence of a selection agent to kill non-transformed cells pref- 
erentially, the result of regenerating plants from such treated tissues will be plants most of the tissues of which are not 
transformed. It has been found that even of the plants which are at least in part transformed, most of the transformations 
do not result in germ line transformations. This invention is therefore directed to identifying those desired germ line 
5 transformation events at an early stage so that regeneration of the non-germ line plants can be minimized. 

[001 5] Thus it is not necessary to use the early germ line identification process described here to achieve a germ 
line transformation of soybean. It is possible to regenerate all plants recovered from the treated tissue, sexually propa- 
gate all the plants and assay all the progeny. The drawback to this approach is that most of the effort in the regeneration 
and propagation process will be wasted on non-germ line transformation events. The present invention helps to avoid 

w that waste and thereby assist in the efficient creation of lines of genetically transformed soybean. 

[0016] The present invention is thus based on a technique involving the particle-mediated transformation of plant 
cells. Therefore, to better understand the context of the present invention, it is necessary to understand the general 
technique of particle-mediated transformation of plant cells and the apparatus which may be used therefore. 
[001 7] In the process of particle-mediated transformation of plant cells, a carrier particle consisting of a small inert 

15 relatively dense particle of material is coated with a transforming genetic construction of DNA and then is physically 
accelerated so that it is delivered into the interior of the growing meristematic or embryonic cells to be transformed. The 
transforming DNA is thus carried into individual cells, but the carrier particles are small enough such that the individual 
cells are neither destroyed nor seriously incapacitated. It has been found that by delivering DNA on such carrier parti- 
cles in such a fashion into the ceils of plants, such as soybeans, whole transformed germ line plants can be obtained 

20 to result in transgenic plants in plant lines. 

[0018] There are several factors which are necessary to be considered in the creation of germ line plant transfor- 
mations in these fashions. The genetic construction must be one properly constructed to be expressed in plant tissues. 
The apparatus utilized must be of a type capable of delivering the carrier particles with the coated DNA on them into 
plant cells in such a fashion that a suitable number of cells are transformed. There are many types of mechanical sys- 

25 terns which can be envisioned to accelerate biologically inert small carrier particles. Possible mechanisms include bal- 
listic explosive acceleration of particles, centrifugal acceleration of particles, electrostatic acceleration of particles, or 
any other analogous system capable of providing momentum and velocity to small inert particles. The mechanism used 
herein to achieve particle-mediated plant transformation is based on an adjustable electric voltage spark discharge 
device. The apparatus is illustrated in a schematic fashion in Figs. 1 and 2. 

30 [001 9] The particle-acceleration apparatus is generally indicated at 1 0 in Fig. 1 . The apparatus consists of a spark 
discharge chamber 1 2 into which are inserted two electrodes 1 4 which are spaced apart by a distance of approximately 
one to two millimeters. The spark discharge chamber 12 is a horizontally extending rectangle having two openings 16 
and 18 extending out its upward end. The opening 16 is covered by an access plate 20. The opening 18, located on the 
side of the rectangle of the spark discharge chamber 1 2 opposite from the electrodes 1 4, is intended to be covered by 

35 a carrier sheet 22. The electrodes 1 4 are connected to a suitable adjustable source of electric discharge voltage. Such 
a source of electric discharge voltage would preferably include suitable electric switching connected to a capacitor of 
the one to two microfarad size range, with the amount of the voltage of the charge introduced onto the capacitor being 
adjustable, such as through the use of an autotransformer, through a range of perhaps 1 to 50,000 volts. Suitable high 
voltage electric switching (not shown) is provided so that the capacitor can safely be discharged through the electrodes 

40 1 4 so that the apparatus can be used conveniently by a user. 

[0020] The carrier sheet 22 intended to be placed upon the opening 1 8 in the spark discharge chamber 1 2 is a pla- 
nar sheet of relatively stiff material, such as a sheet of aluminized saran coated mylar. Above the opening 18 in the dis- 
charge chamber 12, positioned approximately 15 millimeters above it, is a retaining screen 24. Placed above the 
retaining screen 24 at a distance of approximately 5 to 25 millimeters above the retaining screen, is a target surface 26. 

45 The target surface 26 can be any suitable culture surface onto which the material to be transformed may readily be 
placed such as, most conveniently, an overturned petri dish into which the plant tissues have been positioned for cul- 
ture. Copies of the exogenous foreign genetic construction intended to be transformed into the plant tissues are pre- 
pared by suitable DNA preparation techniques well known to those of ordinary skill in the art, and multiple copies of the 
genetic construction are made. The copies of the foreign genetic construction, in aqueous solution, are then coated 

so onto small particles of a durable dense biologically inert carrier material, such as gold, the carrier particles typically 
being in a size range of 1 to 3 microns. The carrier particles with the exogenous genetic construction thereon are then 
placed upon the carrier sheet 22, which is inserted at the proper opening on the top of the spark discharge chamber 
12. The target surface 26, including the living plant material thereon, is then placed in position above the retaining 
screen 24. A small droplet of water, 30, preferably about 10 microliters in size, is then placed bridging between the ends 

55 of the electrodes 1 4. The access cover 20 is placed in position on top of the spark discharge chamber 1 2. At this point 
the entire apparatus is enclosed in a vacuum chamber and a vacuum is drawn until it is in the range of approximately 
500 millimeters of mercury. As the vacuum is being drawn, a supply of helium is bled into the vacuum chamber, replac- 
ing the remaining atmosphere in the chamber with helium. The lower relative density of helium, combined with the 
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reduced pressure, helps to lower the drag on the gold particles. 

[0021] At this point the spark discharge between the electrodes 14 may be initiated by the user. This is done by 
means of the appropriate electric switching which applies the voltage stored in the capacitor across the terminals of the 
electrodes 1 4. The force of this electric discharge bridges the spark discharge gap between the electrodes 1 4 instantly 

5 vaporizing the small droplet of water previously placed therebetween. The force of the vaporization of that water creates 
a Shockwave within the spark discharge chamber 1 2 which radiates outward in all directions. The impact of the radiating 
Shockwave upon the carrier sheet 22 propels the carrier sheet 22 upward with great velocity. The upwardly traveling car- 
rier sheet 22 accelerates until it contacts the retaining screen 24. The use of the helium within the vacuum containment 
for the apparatus provides less drag on the flight of the carrier sheet 22 as well as the carrier particles. At the retaining 

10 screen 24, the carrier sheet 22 is retained, and the carrier particles coated with the exogenous genetic construction pre- 
viously coated thereon fly off of the carrier sheet and travel freely onward toward the target tissues. The small carrier 
particles then proceed into the cells of the target tissues placed on the target surface 26, and pass freely into the cytosol 
of the ceils placed thereon. The actual momentum of the carrier particles as they impact the surface of the target tissues 
is adjustable, based upon the voltage of the initial electric discharge applied to the electrodes 14. Thus, by varying the 

is amount of the electric discharge applied across the electrodes 1 4, the velocity by which the particles impact the target 
can be adjusted, and thus the depth of penetration of the carrier particles into the tissue of the target tissues can be 
adjusted continuously throughout the range of adjustment provided for the electric voltage applied across the elec- 
trodes 14. 

[0022] To be useful in a particle-mediated transformation technique, the transforming exogenous genetic construc- 
20 tion must be capable of performing some useful function in the cells of target plant tissues. The transforming genetic 
construction, which will normally be a chimeric construction in the sense that its DNA originates from more than one 
organism, should be capable of expressing in the target tissues gene product such as a foreign protein of interest or an 
antisense RNA strand. Such foreign genetic constructions, usefully embodied in expression cassette vectors for use in 
plant cells, are known to those of ordinary skill in the art. Typically such plant expression cassette vectors includes, 
25 besides the coding sequence of the desired exogenous or foreign gene, appropriate flanking regulatory sequences suit- 
able for expression of the foreign gene in the plant cells, such as a promoter sequence capable of initiating transcription 
and a translational terminator to terminate translation of a message if protein synthesis is desired. It has been previ- 
ously demonstrated that typical promoters and transcription terminators found to be effective in other plant tissues are 
effective in soybean as well. 

30 [0023] The transforming genetic construction may also include a marker gene. Such a marker gene need not be a 
selectable marker. It need only be a marker the presence of which can be assayed using a minimal amount of plant tis- 
sue, by appropriate biochemical or phenotypic trait which may be observed in transgenic plant tissues. Such a marker 
gene may be the transforming DNA itself, if a completely biochemical assay for the presence of the transforming DNA 
is used, such as a polymerase chain reaction type of assay for the DNA itself. One convenient type of marker gene 

35 capable of detection by a phenotypic assay is the GUS gene described by Jefferson et al., Embo J.. 6:3901-3907 
(1987). The GUS gene, coding for the enzyme beta-glucuronidase which can be expressed in plant cells and the 
expression of which, in a tissue-destructive assay, will turn a convenient substraight, indigo-glucuronide, or 5-bromo-4- 
chloro-3-indolyl gtucuronide blue in color in an in situ assay in plant tissues. Thus, the use of the GUS gene provides a 
convenient colorimetric assay for the expression of introduced DNA by phenotypic analysis in transfer mant plant tis- 

40 sues. Thus, in a typical transformation procedure, the desired gene of interest would be coupled in tandem in a single 
genetic construction, a DNA strand, with a GUS gene, and then the detection of the transforming DNA in plant tissues 
would be done by phenotypic analysis for the expression of the GUS enzyme in the target plant tissues. 
[0024] Several plant tissues of soybean may be genetically transformed by such a particle-mediated transformation 
technique using the apparatus of Fig. 1 . It has been found most conveniently that the excised embryonic axes from 

45 immature or mature soybean seeds may be readily transformed utilizing the procedure. The embryonic axes are 
excised from the soybean seeds and the primary leaves are removed to expose the meristem of the embryo. The axes 
are then plated on target plates containing 1% water-agar. The plates are then used as a target surface in the apparatus 
of Fig. 1 for a particle-mediated transformation event. The axes may then be plated in the dark on MS basal medium as 
modified by Barwale et al., Planta. 167:473-481 (1986) for regenerating zygotic embryos. This particular medium con- 

50 tains a high level of benzylaminopurine which induces multiple shoot formation in the plated embryonic tissues. Follow- 
ing incubation for one to two weeks in the dark, the tissues are transferred to the same basal medium with lower 
concentrations of benzylaminopurine, and then are cultivated in the light to promote shoot elongation. Using this tech- 
nique, multiple shoots will be derived from the primary and axillary meristems on the embryonic tissues. These shoots 
may then be grafted onto soybean roots, or induced to form roots, to regenerate whole intact and sexually mature soy- 

55 bean plants. It is these shoots, and the soybean plants regenerated therefrom, which are subject to the screening tech- 
niques described herein so as to result in high numbers of germ line transformant plants. 

[0025] When the soybean shoots or plantlets resulting from tissues subject to a transformation process, such as 
has been described above, are regenerated into whole mature plants, it has been found that only a fraction of the resutt- 
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ing soybean plants will prove to be genetically transformed with the foreign DNA. The plants which are regenerated from 
the shoots resulting from this tissue are referred to as RO plants, while their progeny in successive generations are 
referred to as R1 and R2, etc. In addition to having a low frequency of genetic transformation within the RO plant gen- 
eration, of the RO plants which exhibit some genetic transformation, most of the plants will be chimeric. By the use of 

5 the term chimeric in this sense, it is intended to signify that the plants will be composed of tissues which are not genet- 
ically identical, i.e., the plants will have only a portion or fraction of their tissues transformed, while the remainder of the 
tissues are not genetically transformed. Since it is the object of the plant transformation process such as that described 
herein to create stably transformed plants which carry the foreign DNA in their germ plasm, and are capable of passing 
the inserted DNA into their progeny, it is necessary then to implement a screening procedure to ascertain how to 

10 recover the germ line transformation events from a number, and perhaps a large number, of putatively transformed RO 
plants or plant tissues. 

[0026] The method disclosed herein is intended to enable the screening of RO shoots and plants from the putatively 
transformed plant culture to isolate those plants which will give rise to, or at least be most likely to give rise to, progeny 
plants which have had their germ line transformed. In this regard it should be noted that for the progeny grown from the 

15 RO plants, that is to say from the R1 generation onward, if the progeny plants contained the inserted foreign DNA at all, 
they are clonal, that is to say, non-chimeric and have their germ line cells transformed. While events are observed in 
which the inserted DNA appears to be present in a clonal fashion in the RO plant, but then is found completely absent 
in the R1 and R2 plants, if the gene is found to be present in the R1 plant, it will prove to be stably inheritable thereafter 
in those of the progeny of the R1 plant which inherit the inserted gene as a trait. 

20 [0027] The present method is a screening technique rather than a selection technique. By that it is meant that the 
plants, or portions of the plants, are screened for the presence of certain marker characteristics, but are not subjected 
to a selection criteria such as would be achieved by antibiotic or herbicide resistance routines. In part the use of such 
a screening technique, as opposed to a selecting technique, is required due to the absence of reliable selectable 
marker gene effective in soybean tissues. The preferred marker gene, as mentioned, to be the object of the screening 

25 process, is the GUS gene. The GUS assay is. however, destructive of the plant tissues and thus cannot be performed 
in vivo. It must therefore be performed on a portion of the tissues recovered from the plants to be screened and the por- 
tion of the tissue selected must be one that balances the need to gain an accurate reflection of the prospects for germ 
line transformation on the particular plant with the need to maintain the vigor of the plant tissues involved so that the 
very events sought are not lost during the assay process. 

30 [0028] The method of the present invention is based on the selection of certain strategically located portions of 
plant tissue from the R0 plants during the regeneration process. In particular, three indices of the state of transformation 
of the R0 plants are utilized. The first index is a section of stem segment from the R0 shoot collected from the shoot 
prior to rooting. The second index is a section of the leaf phenotype at the first trifoliate stage of development of the 
seedling. The third index is a petiole/mid-rib section of a trifoliate leaf in a more mature plant, at the third or fourth trrfo- 

35 Hate leaf stage. By doing histochemical assays for the enzyme coded by the GUS gene in each of these three stages, 
it is possible to predict with a high degree of confidence the germ line transformation events which have occurred. In 
fact, it is possible at a relatively early stage in the procedure to discard most (as many as 90-99%) of the regenerating 
R0 shoots and plantlets to concentrate on the remaining shoots or plantlets which have a high probability of yielding 
germ line transformation events. While the discarding of many such shoots or plantlets may seem wasteful, and will 

40 almost certainly involve the discarding of occasional truly transformed plants, the amount of labor and time saved by not 
taking large numbers of non-transformed plants to seed is large in comparison to the time involved in creating additional 
transformation events. Thus the laborious part of the process, i.e., taking the putatively transformed plants to seed and 
growing and testing the progeny, can be reduced to a minimum by the screening methodology disclosed herein. 
[0029] The first index analysis of the transformed plants occurs when regeneration of shoots commences from the 

45 originally transformed plant explant. As the regenerating soybean shoots reach a finite and defined size, typically 
approximately 2 centimeters in size, the shoots may be isolated from the original explant and prepared for propagation, 
either by grafting or by hormone treatment to induce root formation. However, at the time the shoots are separated from 
the original explant. it is convenient at that point to take a relatively small segment of the stem from the basal portion of 
the separated shoot, i.e., a segment size of perhaps 2 millimeters. The stem segment can then be fixed, and subjected 

so to the GUS histochemical assay. The result is a cross-sectional view of the stem of the soybean plant which will exhibit 
a color, i.e., blue, in those portions of the tissues of the plant which have been transformed. Based on an analysis of 
those tissues, it is then possible to predict for those stems which exhibit some enzyme activity, those plants which are 
most likely to yield a germ line transformation event. 

[0030] A classification scheme has been devised to categorize the results of the stem segment assay. The trans- 
55 genie primary regenerates were designated "B" when the GUS enzyme assay revealed that the gene was expressing 
in all of the epidermis, the cortex, and the pith of the stem segments assayed. The regenerates were designated "C* n 
or "P" when the expression of the GUS gene was confined to 100% of either the cortex or the pith respectively of the 
shoot segment which was assayed. The regenerating shoots were classified as "C" when at least half of the cortex 
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expressed the enzyme, and V when less than 50% of the cortex showed activity. Similarly a classification of P or p 
indicates GUS activity in more or less than 50% of the pith of the stem. The shoots were scored as "e" when the activity 
of the GUS gene could only be seen in the epidermis of the shoot Examples were also observed in which the codes 
were used to indicate localized activity in multiple areas, for example, a score of c/P* indicates that the shoot expressed 
5 the GUS marker gene in 100% of its pith tissue, but in less than 50% of its cortex tissue. A classification of E7p indi- 
cates the expression of the enzyme in 100% of the epidermis but in less than 50% of the pith and none of the cortex of 
the transfbrmant plant 

[0031] Figures 3 - 8 illustrate the classification scheme of the stem segments. Fig. 3 is a highly stylized drawing of 
an ideal soybean stem cross-section in which 30 indicates the whole stem, 32 indicates the epidermis, which is greatly 

w exaggerated in width, 34 indicates the cortex and 36 indicates the pith. Shading in Figs. 4 to 8 is intended to represent 
blue color in the GUS assay. Fig. 4 illustrates a stem 38 classified as "E" since only the epidermis is expressing the GUS 
gene. Fig. 5 illustrates a stem 40 which would be classified as "c/p" since less than 50% of cortex or pith are expressing. 
The stem 42 of Fig. 6 would be classified as "c/P*" since all the pith but less than 50% of the cortex was transformed. 
The stem 44 of Fig. 7 would be X*". As should be apparent, the stem 46 of Fig. 8 represents a "B" stem segment. All 

is of the results of Figs. 4 - 8 represent actual events. 

[0032] For most of the shoots recovered for the plant transformation process using the apparatus of Figs. 1 and 2. 
no expression of the GUS gene in the stem section was found. Of those shoots in which expression in the stem seg- 
ment was found, and classified in one of the categories as described above, a number of shoots of each category were 
either induced to root or were grafted onto healthy root stock and cultivated further into plantlets. When the plantlets 

20 developed either two or three trifoliate leaves, one or more leaflets from the first trifoliate leaf was harvested from each 
of the plants and the trifoliate leaflet itself was assayed for activity for the GUS enzyme. Thus new phenotypes could be 
identified which could be correlated to the phenotypes from the classification on the original stem of the primary regen- 
erate shoot. A number of the plants were found only to express the GUS enzyme in epidermal trichomes and/or hairs 
either throughout the leaflet or only in certain areas within the leaflet Other plants were found to express GUS activity 

25 only in mesophyll cells or stomata, and the activity in these tissues could extend throughout the leaflets or be confined 
to one or more specific areas within the leaflet. In other cases, the enzyme activity would be found to be localized in the 
mid-rib or to extend in varying degrees to one or both sides of the mid-rib in sectors of the leaflet. Examples were even 
found in which the GUS activity extended from the mid-rib to the perimeter only on one-half of the leaf. Again, the most 
optimal phenotype observed was that in which the blue color was not either localized into a sector or confined to the 

30 epidermis. 

[0033] Upon further development, a third assay was developed based on petiole and mid-rib sections on a trifoliate 
leaf higher up the regenerating plant. It was found that if this last assay were not performed, certain non-germ line trans- 
formation events would be allowed to go to seed, since certain transformation events seem to give rise to plants in 
which the transformed tissues only extended a finite length up the stem of the regenerating plant. It became a not 

35 uncommon observation to observe GUS activity only in the first trifoliate leaf and not in certain other trifoliates further 
up the plant. It was, however, the general observation that the majority of plants which had GUS activity in the third or 
fourth trifoliate leaves would exhibit the same activity in all or most of the leaves of the plants. 
[0034] The use of these three indicia led to the observation that the transformation process could be optimized to 
the total overall labor involved if only the plants which were characterized as n B w , "P*° or some combination of P and c 

40 or C, during the assay of the stem segment, were fully regenerated and allowed to propagate into R1 plants. Even 
plants which are characterized as B, however, would not prove to have germ line transformation events if the expression 
of the GUS gene was not also found in the first trifoliate leaf and also in the petiole mid-rib assay in the mature leaf. The 
best use of the second and third indicia of transformation events were used as negatives, that is to say, plants which 
failed to properly exhibit the GUS activity at these stages could also be discarded, since the likelihood that such plants 

45 would yield germ line transformation events was found to be relatively minimal. Of plants which had been classified as 
B during the stem segment, and which showed major GUS activity in the pith or pith and cortex during the assay of the 
petiole and mid-rib sections of the third or fourth trifoliate stage, all plants had activity which was later determined to 
involve germ line transformation events as evidenced by the recovery of progeny plants which were clonal and express- 
ing the GUS gene. All plants which were classified in any other of the categories described above exhibited a dramati- 

so cally lower frequency of germ line transformation events, although such events did occur with other classes of tissues. 
For example, two plants out of 363 which showed activity only in their epidermis at the stem segment stage also gave 
rise to transformed progeny. However, the likelihood of any transformation events from any other categories of plants 
was thus so low as to justify, on a practical basis, discarding all but the plants designated above during the stem seg- 
ment and further to sexually propagate those plants categorized likely to lead to germ line transformation which both 

55 exhibited GUS activity at the first trifoliate stage and also showed major pith and cortex involvement during the assay 
of the petiole and mid-rib of the mature leaf of the plant. 

[0035] An excess of one-third of the plants classified as "B" would give rise to germ line transformation events. By 
contrast, plants categorized in other categories during the stem segment as they were found to have a dramatically 
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lower likelihood of germ line transformation event. For example, a plant that is classified as c/p*. the likelihood of a germ 
line transformation event was less than 10% while for plants showing activity in greater than half their cortex, and clas- 
sified C, the ratio of transformation events was on the order of 2%. Of plants which had major cortex and pith activity, 
designated C/P, of which only eight plants were tested, two yielded germ line transformation events. Of six plants which 
5 showed activity in less than 50% of the pith, one germ line transformation event was recovered. Thus the exact classi- 
fications that are regenerated may depend on a cost analysis of the cost of regeneration of shoots into plants and seeds 
as compared to the cost of generating more putativefy transformed shoots. 

EXAMPLES 

10 

[0036] The target tissues used in the soybean transformation procedures described herein were the excised 
embryonic axes from immature and mature soybean seeds of elite lines of soybean. The axes were excised from the 
seeds and plated on target plates on agar. The methodology for excising the seeds and performing the transformation 
experiment is described in detail in McCabe et al., Bio/Technology. 6:923-926 (1988). The apparatus used in the trans- 

15 formation experiments was the apparatus of Figs. 1 and 2. 

[0037] After the transformation event was conducted, in excess of 5,000 shoots were recovered, and subject to a 
stem segment assay. In performing the stem segment assay, the shoots were allowed to reach a length of approxi- 
mately 2 centimeters before they were severed from the underlying tissue. At the time of severing, a 2 to 4 millimeter 
section of the base of the shoot was cut off, and assayed for GUS activity. Of the 757 stem segments assayed which 

20 showed GUS activity, the plants were categorized on the basis of the kind of activity which was observed in the stem 
by the categorization system described above, i.e., either B, C/P*, C, C/P, p, c or e. The distribution of the plants as clas- 
sified can be seen in Table I. 



TABLE I 



Germ Line Event Frequency 


Stem Segment Assay 
Classification 


Number of Plants 


Number expressing in 
first leaf 


Number expressing in 
mature leaf 


B 


30 


27 


13 


C/P* 


13 


5 


1 


C 


45 


20 


1 


C/P 


8 


4 


2 


p 


6 


1 


1 


c 


292 


9 


1 


e 


363 


7 


1 



40 

[0038] All of the plants for whom the stem segment assay was positive to any degree were then either grafted or 
rooted to create plantlets. The first trifoliate leaf from each of the plantlets was assayed for GUS activity. The results of 
that assay are indicated by the third column in Table I. All plants which continued to have GUS activity in the first trifoli- 
45 ate leaf were then propagated into plants containing multiple leaves, and mature third or fourth trifoliate level leaves 
were harvested from the plants and the petiole and mid-rib sections were taken through that leaf and were fixed and 
assayed for GUS activity. The results of those assays are indicated in the fourth column in Table I. All plants indicated 
in the fourth column were found to have experienced a germ line transformation event. 

[0039] The fourth column in Table I indicates those plants which had activity in the pith or pith and cortex of the third 
so or fourth stage trifoliate leaf. All of the plants which had GUS activity were allowed to self-pollinate and reproduce prog- 
eny. Analysis of the progeny was then done for GUS activity. It was determined that all of the plants which were indi- 
cated in column 4 of this chart to have activity in the pith or pith and cortex of the third or fourth trifoliate leaf stage were 
found to involve germ line transformation events as indicated by the recovery of progeny plants which expressed the 
GUS gene. 

55 [0040] Of plants which failed to have pith or pith and cortex activity in the third or fourth stage trifoliate leaf, the 
results were more mixed. Of plants which had been designated B by the stem segment assay, during the assay of the 
third or fourth trifoliate leaf, 8 of the plants only showed activity in the epidermis while 6 were found to be completely 
negative in GUS assay. Two of the plants which showed only activity in their epidermis gave rise to transformed progeny. 
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Thus the incfication of classification as B is not a predictor alone and of itself of a germ line transformation event. The 
classification of B thus indicates a likelihood of a high level of recovery of germ line transformation, but cannot be con- 
sidered alone a highly confident predictor of germ line transformation event in the absence of pith or pith and cortex 
involvement in the third or fourth trifoliate leaf of the soybean plant. 

5 [0041 ] For the plants for which the stem segment assay caused categorization in another category, the results also 
gave rise to germ line transformation events, although at a lower frequency. Of the 13 plants characterized as C/P*. 5 
plants were recovered which seemed to express GUS throughout their tissues, but only 1 of the plants proved to be a 
germ line transformation event. Of the 45 plants showing activity in excess of 50% of their cortex, and designated C, 20 
GUS expressing plants were found only 1 of which was found to be a germ line transformation event. Of the 8 plants 

10 categorized as C/P by virtue of activity in excess of 50% of their cortex, 4 plants were recovered which expressed GUS 
in their leaves which yielded only 2 plants in which a germ line transformation event was found. Of the 6 plants which 
showed activity in less than 50% of their pith, a single germ line transformation event was found. Of the 292 R0 plants 
which showed minor activity in the cortex, 9 plants were recovered which expressed GUS in their leaves and 1 germ 
line transformation event was recovered. Of 363 R0 plants which showed activity in the epidermal layer only, 7 plants 

is were recovered which seemed to express the GUS in their leaves and only 1 event proved to be a germ line transfor- 
mation related event. 

[0042] Based on the data presented in Table I, and related experiments, it was determined that of the soybean 
plants subjected to the particle-mediated transformation process described herein, between 10 and 15% of the recov- 
ered shoots exhibit some form of expression of the GUS gene during the stem segment assay. Of ail of the shoots which 

20 are the subject of the procedure the percentage which were found to be germ line transformed will ultimately be in the 
range of 0.2 to 0.5% of the regenerated shoots. Thus by performing the stem segment assay, the number of plants 
which need to be carried through the regeneration process can be reduced by a factor of 85 to 90%. Then, since it has 
been found that the highest concentration of germ line transformation events occurs for segments which are catego- 
rized as B, C/P*, C, or C/P, all other plants failing in all other categories during the stem segment assay could be dis- 

25 carded on the grounds of low likelihood of finding a germ line transformation event. Since these plants categorize 
approximately 15% of the total stem segments which exhibit GUS activity at all, again this allows a discard of approxi- 
mately 85% of the recovered plants so that the efforts for regeneration can be concentrated on the remaining 15% 
which will show a high likelihood of germ line transformation events. In this way approximately 2 to 2.5% of the shoots 
recovered from the transformation process need ultimately be propagated, thus saving 97 to 98% of the labor and effort 

30 involved in the plant propagation and progeny testing process. Of the 2% which are regenerated through the transfor- 
mation process, between 10 and 25% of the plants have been found, by assay of the progeny to GUS activity, to have 
undergone a germ line transformation yielding progeny which are stably transformed and inheritably possess the 
inserted foreign DNA. 

35 Claims 

1 . A method for the germ line transformation of bean plants which method comprises the steps of: 

(a) preparing an exogenous genetic construction comprising a coding sequence and a flanking regulatory 
40 sequence effective to express a gene product coded by the coding sequence in the cells of the plant; 

(b) coating copies of the exogenous genetic construction onto carrier particles which are of a biologically inert 
material and which are small in size relative to the size of the cells of the plant; 

(c) accelerating the coated carrier particles into the cells of a regenerate tissue of the plant; 

(d) regenerating the tissue into plants; 

45 (e) during the regeneration process, assaying a selected portion of the stem of each regenerating plant for the 

presence of the genetic construction, the selected stem portion including a pith section, the assay determining 
whether the genetic construction is expressed in the pith section; 

(f) sexually multiplying preferentially the plants the selected portions of which assay positive for the presence 
of the genetic construction to create progeny plants; and 
so (g) verifying the presence of the genetic construction in the progeny plants. 

2. A method according to claim 1 wherein the plants are soybean plants. 

3. A method according to claim 1 of creating germ line transformed soybean plants comprising the steps of: 

55 

(a) preparing an exogenous genetic construction suitable for insertion into soybean plants, which construction 
comprises expression constructs for both a marker gene and a gene of interest, each of which comprise a cod- 
ing sequence and a flanking regulatory sequence effective in soybean cells to produce a gene product coded 
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by the coding sequence in the cells of soybean plants; 

(b) coating copies of the exogenous genetic construction onto carrier particles of biologically inert material, 
which are small in size relative to the size of soybean cells; 

(c) accelerating the coated carrier particles into the cells of regenerate soybean tissue; 
5 (d) regenerating shoots from the soybean tissue; 

(e) severing a segment of the stem from each of the shoots; 

(f) assaying the stem segments for the expression of the gene product of the marker gene; 

(g) regenerating into whole sexually mature soybean plants only the shoots, the stem segments of which 
expressed the gene product of the marker gene in at least a major portion of its pith; 

10 (h) sexually propagating the whole plants to create progeny plants; and 

(i) assaying for the expression of the gene product of the marker gene in the progeny plants to indicate the 
germ line insertion of the gene of interest into the germ line of the progeny plants. 

4. A method according to claim 3 wherein the marker gene is a gene coding for the enzyme beta-glucuronidase and 
75 where the assaying in steps (0 and (i) is done tor the activity of that enzyme. 

5. A method according to any one of the preceding claims wherein the carrier particles are gold particles. 

6. A method according to any one of the preceding claims wherein in the accelerating step, the motive force is pro- 
20 vided by an electric voltage spark discharge. 

7. A method according to claim 6 wherein the accelerating step includes layering the carrier particles onto a carrier 
sheet, placing the carrier sheet near to a pair of spaced electrodes and then initiating an electric voltage spark dis- 
charge between the electrodes. 

25 

8. A method according to any one of claims 3 to 7 wherein the soybean tissue into which the carrier particles are 
accelerated comprises excised embryonic axes from soybean seeds. 

9. A method according to claim 8 wherein the embryonic axes are plated after the particle accelerating step and in the 
30 regenerating step shoot formation is induced in the plated embryonic axes. 

1 0. A method according to any one of claims 3 to 9 wherein each regenerating shoot is severed from the soybean tis- 
sue and at substantially the same time a stem segment is severed from each shoot. 

35 1 1 . A method according to any one of claims 3 to 1 0 wherein the regeneration step (g) is performed only for plants the 
stem segments of which expressed the marker gene in all the pith, cortex and epidermis, in more than 50% of the 
cortex and more than 50% of the pith, or in more than 50% of the pith, of the stem segment. 

12. A method according to any one of claims 3 to 1 1 wherein the sexual propagation step (h) is performed by self-pol- 
40 lination. 

PatentansprOche 

1. Verfahren zur Keimbahntransformation von Bohnenpflanzen, wobei das Verfahren Schritte umfasst, bei denen 
45 man: 

a) ein exogenes genetisches Kbnstrukt erzeugt, das eine kodierende Sequenz und eine flankierende regulato- 
rische Sequenz umfasst, die in der Lage ist, ein Genprodukt, das durch die kodierende Sequenz kodiert wird, 
in den Zeilen der Pflanze zu exprimieren; 

50 

(b) Tragerpartikel, die aus biologisch inertem Material bestehen und im Vergleich zur Gr6Ge der Pf lanzenzellen 
klein sind, mit Kopien des exogenen genetischen Konstruktes beschichtet; 

(c) die beschichteten Tragerpartikel in die Zeilen eines regenerierbaren Gewebes der Pflanze beschleunigt; 

55 

(d) das Gewebe zu Pf lanzen regeneriert; 

(e) wahrend des Regenerationsverfahrens ausgewahlte Teile des Stammes einer jeden regenerierten Pflanze 
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auf die Gegenwart des genetischen Konstrukts hin untersucht, wobei der ausgewahfte Teil des Stammes einen 
Mark-Bereich umfasst und bei dem Nachweisverfahren bestimml wird, ob das genetische Konstrukt in dem 
Mark-Bereich exprimiert wird; 

s (f) vorzugsweise solche Rianzen sexuell vermehrt, deren ausgewahlten Teile einen positiven Nachweis auf die 

Gegenwart des genetischen Konstrukt es erbrachten, urn Nachkommenpfianzen zu erzeugen; und 

(g) die Gegenwart des genetischen Konstrukts in den Nachkommenpfianzen verrf iziert. 

10 2. Verfahren nach Anspruch 1 , bei dem die Rianzen Sojabohnen sind. 

3. Verfahren zur Erzeugung von Sojabohnenpf lanzen, die in der Keimbahn transformiert sind, nach Anspruch 1 , bei 
dem man: 

is (a) ein exogenes genetisches Konstrukt erzeugt, das for eine Insertion in Sojabohnen geeignet ist, wobei das 

Konstrukt Expressionskonstrukte sowohl fur ein Marker-Gen als audi ein ausgewahltes Gen umfasst, wovon 
jedes eine kodierende Sequenz und eineflankierende regulatorische Sequenz umfasst, die in der Lage ist, das 
durch die kodierende Sequenz kodierte Genprodukt in den Zelien der Sojabohnen zu erzeugen; 

20 (b) Tragerpartikel aus biologisch inerten Material, welche im Verhaitnis zur GrOBe der Sojabohnenzellen Weins 

sind, mit Kopien des exogenen genetischen Konstrukts beschichtet; 

(c) die beschichteten Tragerpartikel in Zelien eines regenerierbaren Sojabohnengewebes beschleunigt; 
25 (d) Triebe aus dem Gewebe regeneriert; 

(e) eine Segment des Stammes eines jeden Triebes abtrennt; 

(f) das Stammsegment auf die Expression des Genproduktes des Marker-Gens hin untersucht, 

30 

(g) nur solche Triebe, deren Stamm-Segmente das Genprodukt des Marker-Gens wenigstens in einem 
weserrtiichen Teil des Markes des exprimieren, zu vollstdndigen, sexuell reifen Sojabohnenpflanzen regene- 
riert; 

35 (h) die ganzen Rianzen sexuell fortpf lanzt, urn Nachkommenpfianzen zu erzeugen; und 

(i) die Expression des Genproduktes des Marker-Gens in den Nachkommenpfianzen untersucht, urn Keim- 
bahninsertionen des gewQnschten Gens in die Keimbahn der Nachkommenpfianzen zu tdentrf izieren. 

40 4. Verfahren nach Anspruch 3, bei dem das Marker-Gen ein fur das Enzym p-Glukuronidase kodierendes Gen ist und 
bei dem das Verfahren in den Schritten (f) und (i) auf dem Nachweis der Aktivitat dieses Enzyms beruht 

5. Verfahren nach einem der vorstehenden AnsprOche, bei dem die Tragerpartikel Goldpartikel sind. 

45 6. Verfahren nach einem der vorstehenden AnsprOche, bei dem die antreibende Kraft in dem Beschleunigungsschritt 
durch Funkenentladung mittels elektrischen Stroms zur VerfQgung gesteilt wird. 

7. Verfahren nach Anspruch 6, bei dem der Schrrtt der Beschleunigung eine Abiagerung der Tragerpartikel auf einer 
Trdgerplatte, die Platzierung der TrSgerplatte nahe eines Paares von getrenrrten Elektroden und die Auslosung der 

so Funkenentladung durch elektrischen Strom zwischen den Elektroden umfasst. 

8. Verfahren nach einem der AnsprOche 3 bis 7, bei dem das Sojabohnengewebe, in das die Tragerpartikel beschleu- 
nigt werden, freigelegte embryonale Achsen von Sojabohnen-Samen umfassen. 

55 9. Verfahren nach Anspruch 8, bei dem die embryonalen Achsen nach dem Partikel-Beschleunigungsschritt ausplat- 
tiert werden und bei dem wahrend des Regenerationsschrittes die Triebbildung in den ausplattierten embryonalen 
Achsen induziert wird. 
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1 0. Verfahren nach einem der Anspruche 3 bis 9, bei dem jeder der sich regenerterenden Triebe vom Sojabohnenge- 
webe abgetrennt wind und ein Segment des Stammes im wesentGchen zum selben Zeitpunkt von jedem Trieb 
abgetrennt wird. 

5 11. Verfahren nach einem der Anspruche 3 bis 10, bei dem der Regenerationsschritt (g) nur mil sdchen Pftanzen 
durchgefuhrt wird, deren Stammsegmente das Marker-Gen sowohi in Mark, Rinde und Epidermis exprimieren, und 
zwar in mehr als 50 % der Rinde und mehr als 50 % des Markes oder in mehr ais 50 % des Markes des Stamm- 
segmentes. 

10 12. Verfahren nach einem der Anspruche 3 bis 1 1, wobei der sexuelle Fortpflanzungsschrrtt (h) durch Selbstbestau- 
bung durchgefuhrt wird. 

Revendications 

15 1 . Methode pour la transformation de la lignee germinale de plants de haricots, laquelle methode comprend les eta- 
pes de : 

(a) preparer une construction genetique exogene comprenant une sequence codante et une sequence regu- 
latrice adjacente efficaces pour exprimer un gene produit code par la sequence codante dans les cellules de 

20 la plante ; 

(b) rev&ir des copies de la construction genetique exogene sur des parti cules de support qui sont en un mate- 
riau biologiquement inerte et qui sont de petites dimensions relativement aux dimensions de cellules de la 
plante ; 

(c) acceterer les particules revStues de support dans les cellules de tissu regenerate de la plante ; 
25 (d) regenerer le tissu dans les plantes ; 

(e) pendant le precede de regeneration, analyser une portion selectionnee de la tige de chaque plante en 
regeneration pour la presence de la construction genetique, la portion de tige selectionnee comprenant une 
section medullaire, I'analyse determinant si la construction genetique est exprimee dans la section meduilaire ; 

(f) multiplier sexuellement preferentiellement les plantes dont les portions selectionnees sont positives pour la 
30 presence de la construction genetique pour creer des plantes en descendance ; et 

(g) verifier la presence de la construction genetique dans les plantes en descendance. 

2. Methode selon la revendication 1 ou les plantes sont des plantes de soja. 

35 3. Methode selon la revendication 1 de creation de plantes de soja k lignee germinale transformee comprenant les 
etapes de: 

(a) preparer une construction genetique exogene appropriee pour une insertion dans des plantes de soja, 
laquelle construction comprend des constructions d'expression pour un gene marqueur et un gene d'interet, 

40 dont chacun comprend une sequence de codage et une sequence regulatrice adjacente eff icace dans des cel- 

lules de soja pour produire un gene code par la sequence de codage dans les cellules des plantes de soja ; 

(b) revetir des copies de la construction genetique exogene sur des particules de support en un materiau bio- 
logiquement inerte, qui sont de petites dimensions relativement & la dimension des cellules de soja ; 

(c) accelerer les particules de support revenues dans les cellules du tissu de soja regenerate ; 
45 (d) regenerer des pousses k partir du tissu de soja ; 

(e) rompre un segment de la tige de chacune des pousses : 

(f) analyser les segments de tige pour I'expression du gene produit du gene marqueur ; 

(g) regenerer dans des plants entiers sexuellement murs de soja uniquement les pousses, les segments de 
tige dont est exprime le gene produit du gdne marqueur dans au moins une portion majeure de sa moefle ; 

so (h) propager sexuellement les plants entiers pour creer des plants en descendance et 

0) analyser rexpression du gene produit du gene marqueur dans les plants & descendance pour indiquer 
I'insertion de la lignee germinale du gene d'interet dans la lignee germinale des plantes en descendance. 

4. Methode selon la revendication 3, ou le gene marqueur est un gene codant pour I'enzyme beta-glucuronidase et 
55 ou I'analyse des etapes (f) et (i) est faite pour I'activite de cette enzyme. 

5. Methode selon Tune quelconque des revendications precedentes ou les particules de support sont des particules 
d'or. 
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6. Methode seion Tune queiconque des revendications precedent es ou dans I'etape d'acceleration, la force motrice 
est produite par une decharge d'6tince!le de tension electrique. 

7. Methode selon la revendication 6, ou I'etape cf acceleration comprend la rrtise en couche des particules de support 
5 sur une feuille de support la mise en place de la feuiile de support pres d'une paire d'electrodes espacees puis 

initiation cf une decharge d'etincelle de tension electrique entre les electrodes. 

8. Methode selon Tune queiconque des revendications 3 a 7, ou le tissu de soja dans lequel les particules de support 
sont acc6ler6es comprend des axes embryonnaires excises des grain es de soja. 

10 

9. Methode selon la revendication 8, ou les axes embryonnaires sont plaques apres I'etape d'acc£l£ration des parti- 
cules et dans I'etape de regeneration, la formation des pousses est indurte dans les axes embryonnaires plaques. 

10. Methode selon Tune queiconque des revendications 3 a 9 ou chaque pousse regenerate est rompue du tissu de 
75 soja et sensiblement en m£me temps un segment de tige est rompu de chaque pousse. 

11. Methode selon Tune queiconque des revendications 3 a 10, ou I'etape de regeneration (g) est accomplie unique- 
ment pour les plantes dont (es segments de tige expriment le g§ne marqueur dans la medulle, le cortex et i'epi- 
derme, a plus de 50% du cortex et plus de 50% de la moelle ou a plus de 50% de la moelle, du segment de tige. 

20 

12. Methode selon Tune queiconque des revendications 3 a 1 1, ou I'etape (h) de propagation sexuelle est accomplie 
par auto-pollinisation. 



25 
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